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(57) ABSTRACT

A wireless communication system and a method for detecting
downlink receiving power in the system are disclosed. N cells
in the system respectively transmit data to at least one receiv-
ing terminal via N resource blocks using the same time-
frequency resources; multiple channel state information ref-
erence signals (CSI-RSs) of a corresponding cell are set in
each resource block, and orthogonality is maintained among
the CSI-RSs of all the cells, wherein N is an integer greater
than 1. Said method includes: an additional demodulation
reference signal (DM-RS) used for indicating a receiving
power is set in a puncture position in the resource block of the
first cell which corresponds to a CSI-RS set in a resource
block of another cell; and the receiving power of said first cell
is detected according to said additional DM-RS. By using
said method, the receiving power of a single cell in N cells can
be detected, and the system overhead is not increased.

8 Claims, 11 Drawing Sheets
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1
WIRELESS COMMUNICATION SYSTEM AND
DOWNLINK RECEIVING POWER
DETECTION METHOD THEREFOR

TECHNICAL FIELD

The present invention relates to a communication field.
More particularly, the present invention relates to a radio
communication system and a method of detecting downlink
received power in that system.

BACKGROUND ART

For a current radio communication system of a multi-
antenna based on OFDM (Orthogonal Frequency Division
Multiplexing), e.g., for LTE-A (Long Term Evolution-Ad-
vanced) that is being designed, DL joint transmission is an
important technique among downlink multi-base station
coordination technique. DL joint transmission is to coordi-
nately transmit the same data stream from a plurality of base
stations to a terminal, and each base station is directed to
terminals through a specific beam. To achieve optimal system
performance, in DL joint transmission, there exists a problem
how power should optimally be allocated to the base stations.
As an optimal power allocating method of this kind, it is
generally required that a terminal can measure received
power from each base station, and the measured received
power can be fed back to a serving base station as grounds of
optimal power allocation. FIG. 1 shows a framework of a
typical system of DL joint transmission. As shown in FIG. 1,
the same data is transmitted from base stations BS 1 and BS
2, and the data reaches a terminal through beam forming. The
terminal feeds back the received power to the serving base
station (BS 1) and then, the serving base station determines
suitable power allocating methods P1 and P2 (assume that
total transmitting power is constant: P1+P2=P).

In a multi-antenna system based on OFDM, two kinds of
reference signals exist. One of them is a channel state infor-
mation reference signal (CSI-RS) and the other one is a
demodulation reference signal (DM-RS).

The CSI-RS is cell-specific and is used to represent a
channel state of a cell in which a user apparatus is not subject
to precoding processing. When data is transmitted to a termi-
nal using a resource block in which base stations of cells have
the same time frequency resources, at least two CSI-RSs of
the corresponding cell are installed in each resource block. To
adopt DL multi-base station coordination, for a particular
cell, data transmission is punctured in a position correspond-
ing to a CSI-RS of a cell that is adjacent to the particular cell,
i.e., no data is transmitted on a resource corresponding to the
CSI-RS of the adjacent cell. As a result imposed by such a
puncturing technique (because no data is transmitted in the
puncturing position), redundant overhead is increased in the
system but since the CSI-RS of adjacent cell strictly keeps
orthogonality, the accuracy of channel estimation is enhanced
for multi-base station coordination.

Unlike the CSI-RS, the DM-RS is UE-specific, and its
acting is used for demodulation of the terminal. Since the
DM-RS is for a concrete terminal, it is possible for the termi-
nal to detect the received power based on the DM-RS. In DL,
joint transmission, however, since the terminal uses coherent
detection, a signal detected by the terminal is a superimposed
signal from a plurality of base stations, the DM-RSs from
different transmission base stations include completely the
same mode and thus, the DM-RSs of the different transmis-
sion base stations are also superimposed on each other. The
superimposed DM-RSs are appropriate concerning the coher-
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ent detection. The terminal can measure only total received
power from a plurality of base stations by the superimposed
DM-RS, but the terminal cannot measure received power
from a single base station.

SUMMARY OF INVENTION

In an aspect of the invention, there is provided a method for
detecting a downlink received power in a radio communica-
tion system, in which N cells (N is an integer greater than 1)
transmit data to at least one receiving terminal by N resource
blocks having the same time frequency resource, a plurality of
channel state information reference signals of corresponding
cells are installed in respective resource blocks, orthogonality
is kept between the channel state information reference sig-
nals of the cells. The method includes: installing an additional
demodulation reference signal that is use to represent
received power in a puncturing position corresponding to one
channel state information reference signal installed in the
resource block of another cell in a resource block of a first
cell; and detecting received power of the first cell based on the
additional demodulation reference signal.

In another aspect of the invention, there is provided a radio
communication system. The system includes N (N is an inte-
ger greater than 1) adjacent cells, a base station of each of the
N adjacent cells transmits data to at least one receiving ter-
minal using N resource blocks having the same time fre-
quency resource, a plurality of channel state information ref-
erence signals of corresponding cells are installed in
respective resource blocks, orthogonality is kept between
channel state information reference signals of each of the
cells. In this aspect of the invention, the base station includes
a demodulation reference signal allocating section that
installs an additional demodulation reference signal in a
puncturing position corresponding to one channel state infor-
mation reference signal installed in a resource block used by
another base station in a resource block used by the base
station, the additional demodulation reference signal being
used to represent received power, and a transmitting section
that transmits data to a receiving terminal using a resource
block from the demodulation reference signal allocating sec-
tion. The receiving terminal includes a power detecting sec-
tion that detects a first signal transmitted in a position where
an additional demodulation reference signal in a resource
block from the transmitting section is installed, and a second
signal transmitted in a position of another channel state infor-
mation reference signal installed in a resource block used by
the other base station; and a received power acquiring section
that removes the second signal from the first signal, and that
acquires received power from the base station based on a
signal obtained by the removal.

By the aforementioned method and system according to
several aspect of the invention, a user terminal can detect a
received power of a single base station which carries out
downlink joint transmission. Furthermore, a serving base sta-
tion is capable of carrying out optimal allocation of power to
respective transmission base stations depending upon the
received power from each of the base stations being fed back
by the user terminals.

BRIEF DESCRIPTION OF DRAWINGS

Modes and/or other modes and superiority of the present
invention will be clearer and easily comprehensible from the
following detailed description in which drawings and
Embodiments of the invention are combined, wherein:
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FIG. 1 shows a framework of an exemplified system of a
DL joint transmission;

FIG. 2 shows an exemplified installation state of a refer-
ence signal in a resource block used by a cell in a received
power detecting method according to Embodiment 1 of the
present invention;

FIG. 3 shows an exemplified installation state of a refer-
ence signal in a resource block used by a cell in a received
power detecting method according to Embodiment 2 of the
invention;

FIGS. 4(a) and 4(b) are flowcharts showing the received
power detecting method according to Embodiment 2 of the
invention;

FIG. 5 shows an exemplified installation state of a refer-
ence signal in a resource block used by a cell in a received
power detecting method according to Embodiment 3 of the
invention;

FIGS. 6(a) and 6(b) are flowcharts showing the received
power detecting method according to Embodiment 3 of the
invention;

FIG. 7 shows an exemplified installation state of a refer-
ence signal in a resource block used by a cell in a received
power detecting method according to Embodiment 4 of the
invention:

FIG. 8 shows an exemplified installation state of a refer-
ence signal in a resource block used by a cell in a received
power detecting method according to Embodiment 5 of the
invention:

FIG. 9 is a schematic diagram showing a switching instal-
lation of additional DM-RSs on a plurality of puncturing
positions corresponding to CSI-RSs of different antenna
ports of the same cell according to Embodiment 6 of the
invention;

FIG. 10 is a schematic diagram showing a switching instal-
lation of additional DM-RSs in puncturing positions corre-
sponding to different antenna ports of different cells and the
same cell according to Embodiment 7 of the invention;

FIG. 11 is a schematic diagram showing a switching instal-
lation of additional DM-RSs in puncturing positions corre-
sponding to different antenna ports of different cells and the
same cell according to Embodiment 8 of the invention;

FIG. 12 is a schematic diagram showing that different
terminals are scheduled to a resource block including a CSI-
RS according to Embodiment 9 of the invention; and

FIG. 13 shows a related apparatus in a radio communica-
tion system to which the received power detecting method of
the Embodiments of the invention is applied.

DESCRIPTION OF EMBODIMENTS

Concrete Embodiments of the present invention will be
described in detail in combination with the drawings. Con-
cerning several related prior arts, if detailed description
thereofis taken into consideration, there is fear that essential
points of the present invention become blurry and therefore,
details of'the prior arts are not described here. In the Embodi-
ments, elements or section that execute the same function are
designated with the same symbols.

Embodiment 1

One of relatively easy realizing methods for making it
possible for a receiving terminal to detect a received power of
a single base station that participates in DL joint transmission
is to install one resource element (RE) to a resource block
used by a base station of a cell, to use the same to express a
DM-RS representing received power, and carrying out punc-
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turing in a corresponding position in a resource block of
another cell of this added DM-RS. Since this added DM-RS
keeps orthogonality between cells by carrying out the punc-
turing in the corresponding position, the terminal can detect a
received power from a base station of the cell directly from
the added DM-RS.

FIG. 2 shows an exemplified installation state of a refer-
ence signal in a resource block used by a cell in a received
power detecting method to which the above-described
method is applied. As shown in FIG. 2, BS 1incell 1 and BS
2 in cell 2 transmit data to a terminal using resource blocks
(resource block 1 and resource block 2, hereinafter) having
the same time frequency resources. The resource blocks hav-
ing the same time frequency resources use modulation of an
OFDM method. Two CSI-RSs of a corresponding cell are
installed in resource blocks 1 and 2, orthogonality is kept
between CSI-RSs of cell 1 and cell 2 by carrying out the
puncturing in corresponding positions in the resource blocks
of the adjacent cells. One additional DM-RS to represent
received power are installed in resource block 1 and resource
block 2, in addition to specific DM-RS that is originally
provided. Since the additional DM-RS are orthogonal to each
other between cells, received power from cell 1 and cell 2 can
directly be detected by the terminal from the additional DM-
RSs of cell 1 and cell 2.

Embodiment 2

The received power detecting method disclosed in
Embodiment 1 has a drawback that overhead is increased. As
shown in FIG. 2, overheads of two REs for the additional
DM-RS are increased in resource blocks 1 and 2. Since the
specific DM-RS that is originally provided occupies 12 REs
in one resource block, the method for installing such an
additional DM-RS increases the overhead of the DM-RS by
15%.

Embodiment 2 improves the received power detecting
method in terms of this problem. FIG. 3 shows an exemplified
installation state of a reference signal in a resource block used
by a cell in a received power detecting method according to
Embodiment 2 of the invention. As shown in FIG. 3, in
Embodiment 2, one additional DM-RS to represent received
power is installed in resource blocks 1 and 2, and the addi-
tional DM-RS is located in a position where puncturing is
carried outin correspondence with a CSI-RS in another cell in
the resource block. More specifically, in resource block 1, the
additional DM-RS is installed in one of two positions where
puncturing is carried out in correspondence with a CSI-RS in
resource block 2, and in resource block 2, the additional
DM-RS is installed in one of two positions where puncturing
is carried out in correspondence with the CSI-RS in resource
block 1. As shown in the drawing, two CSI-RSs are installed
in each cell (in reality, two or more CSI-RSs can be installed),
and there are two puncturing positions in each resource block
correspondingly. Since the additional DM-RS occupies only
one puncturing position among them, another CSI-RS keeps
orthogonality between cells and it can be used to specify the
CSI-RS. Concerning cell 1, the additional DM-RS and one
CSI-RS of cell 2 are mixed in a receiving terminal, but since
another CSI-RS of cell 2 does not receive interference, the
receiving terminal can remove the CSI-RS of cell 2 from the
mixed signal, and a remaining signal is the additional DM-RS
of'cell 1. The terminal can acquire received power concerning
cell 1 from the additional DM-RS of cell 1. Further, the
terminal can similarly acquire received power of cell 2 by the
same method.



US 9,049,674 B2

5

FIG. 4(a) is a flowchart showing the received power detect-
ing method according to Embodiment 2 of the invention. In
step S41, in resource block 1 of cell 1, an additional DM-RS
to represent received power is installed in a puncturing posi-
tion corresponding to one CSI-RS installed in resource block
2 of cell 2; in step S42, the receiving terminal detects a signal
transmitted in a position where the additional DM-RS in
resource block 1 is installed; in step S43, the receiving termi-
nal detects a signal transmitted in a position of another CSI-
RS in resource block 2; and in step S44, the signal detected in
step S43 is removed from the signal detected in step S42, and
received power of cell 1is acquired based on a signal obtained
by this removal. As shown in FIG. 3, since two CSI-RSs are
installed in resource block 2, in correspondence with this,
there are two puncturing positions in resource block 1. In step
S41, the additional DM-RS is installed in one of the two
puncturing positions of resource block 1.

Similarly, by subjecting cell 2 to processes corresponding
to steps S41 to S44, it is possible to acquire received power of
cell 2, and this point is not described again.

The received power detecting method of Embodiment 2 is
described while taking the two cells as an example with
reference to FIGS. 3 and 4(a). Inreality, the method described
in Embodiment 2 can be applied to a case of a plurality of
cells. As shown in FIG. 4(b), in the case of a plurality of cells,
in step S41', in resource block 1 of a first cell selected on an
arbitrary basis, an additional DM-RS to represent received
power is installed in a puncturing position corresponding to
one CSI-RS installed in resource block 2 of another cell; in
step S42', a receiving terminal detects a signal transmitted in
aposition where the additional DM-RS in resource block 1 is
installed (i.e., a mixture signal of the additional DM-RS
installed by the first cell and a CSI-RS of the other cell); in
step S43', the receiving terminal detects a signal transmitted
in a position of another CSI-RS in resource block 2 (i.e., a
CSI-RS that does not receive interference in the other cell);
and in step S44', the signal detected in step S43' is removed
from the signal detected in step S42', and received power of
the first cell selected on an arbitrary basis is acquired based on
a signal obtained by the removal. It is possible to detect
received power of any signal cell by the steps S41' to 44'.
Thereafter, it is possible to detect received power of each of
other cells by similar process. More specifically, in step S45',
one reference cell for detecting received power is selected for
each of the cells not including the first cell and in the resource
block, the additional DM-RS is installed in the puncturing
position corresponding to one CSI-RS installed in the
resource block of the selected reference cell. In step S46',
concerning the cells not including the first cell, the receiving
terminal detects a signal transmitted in a position where the
additional DM-RS in the resource block is installed. In step
S47', concerning the cells, the receiving terminal detects a
signal transmitted in the position of another CSI-RS installed
in a resource block of a reference cell that is selected for that
cell. In step S48', concerning the cells, a signal detected in
step S47' is removed from the signal detected in step S46', and
received power of the cell is acquired based on a signal
obtained by this removal.

When the method described in Embodiment 2 is applied to
a plurality of cells, for each of the cells, if one puncturing
position corresponding to a CSI-RS in a resource block of
another cell is selected on an arbitrary basis and the additional
DM-RS is installed, there is a possibility that a problem that
received power of each of the cells cannot be acquired is
generated. For example, assume that three cells, i.e., cell 1,
cell 2 and cell 3 exist and two CSI-RSs are installed in each of
resource blocks, i.e., resource block 1, resource block 2 and
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resource block 3. Under such circumstances, concerning cell
1, if an additional DM-RS is installed in a puncturing position
corresponding to one CSI-RS installed in resource block 2 in
resource block 1, and concerning cell 2, if an additional
DM-RS is installed in a puncturing position corresponding to
one CSI-RS installed in resource block 1 in resource block 2,
it is possible to acquire received power of cell 1 and cell 2 by
steps S42' to S44' and S46' to S48'. However, in this case,
concerning cell 3, even if an additional DM-RS is installed in
any of puncturing positions in the resource block, received
power of cell 3 cannot be acquired by applying the processes
of'steps S46' to S48'. If' it is desired to acquire received power
of each cell in the environment of a plurality of cells, it is
necessary to select an appropriate puncturing position and
install an additional DM-RS. As one possible solution, when
one reference cell for detecting received power of respective
cells not including the first cell is selected in step S45' and the
additional DM-RS is added in a puncturing position corre-
sponding to one CSI-RS in a resource block of the reference
cell, it is necessary to observe a principle that concerning a
plurality of CSI-RSs of the respective cells of the plurality of
cells (including the first cell), the additional DM-RS is
installed in one position of the plurality of puncturing posi-
tions corresponding to the plurality of CSI-RSs in the
resource block only by one of the remaining cells. The prin-
ciple is merely one example, and it can easily be understood
that if a person skilled in the art observes other principles, it is
possible to specify an appropriate puncturing position for
installing the additional DM-RS. In reality, even if received
power of cell 3 cannot be acquired by applying the processes
of steps S46' to S48', it is possible to acquire received power
of cell 3 by methods of later-described Embodiment 3 and
Embodiment 5.

In Embodiment 2, since the additional DM-RS is located in
its original puncturing position and does not occupy a new
resource element, redundant overhead is not brought about.

Embodiment 3

From the description of Embodiment 1, the additional DM-
RS installed by the present invention is removed, and it is not
difficult to find a fact that the specific DM-RS in a resource
block does not receive any influence. As described above, on
the side of the terminal, since specific DM-RSs of resource
blocks of different cells are superimposed on each other, the
terminal can acquire total received power from the cells by
detecting the superimposed specific DM-RSs. Embodiment 3
of the invention is proposed based on this fact.

FIG. 5 shows an exemplified installation state of a refer-
ence signal in a resource block used by a cell in a received
power detecting method according to Embodiment 3 of the
invention. If FIGS. 3 and 5 are compared with each other, it
can be understood that installations of reference signals in
resource blocks in Embodiment 3 and Embodiment 2 are
different from each other in the following points. That is, in
Embodiment 3, one additional DM-RS is installed only in
resource block 1 and in resource block 1, the additional DM-
RS is located in one of two positions where puncturing is
carried out in correspondence with a CSI-RS in resource
block 2. In resource block 2, the additional DM-RS is not
installed. In such circumstances, concerning cell 1, it is pos-
sible to likewise detect received power of cell 1 based on the
above-described steps S41 to S44 described in Embodiment
2. In contrast, concerning cell 2, it is possible to acquire
received power from cell 2 by subtracting received power of
cell 1 from total received power acquired by detecting the
superimposed specific DM-RS.
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FIG. 6(a) is a flowchart of the received power detecting
method of Embodiment 3 of the invention. Steps S601 to
S604 in FIG. 6(a) are completely the same as steps S41 to S44
in FIG. 4(a), and these steps are not described again. After
received power from cell 1 is acquired by steps S601 to S604,
it is possible to acquire received power of cell 2 by the fol-
lowing steps if necessary. In step S605, specific DM-RSs
installed on corresponding positions in resource block 1 and
resource block 2 are detected, and total received power from
cell 1 and cell 2 are acquired. In step S606, received power
from cell 2 is acquired by subtracting received power from
cell 1 acquired in step S604 from the total received power.

It is easily understood that the received power detecting
method described in Embodiment 3 can be applied to a case
where there are a plurality of cells. When there are a plurality
ofcells (e.g., N cells), that is, similar to a case where there are
two cells, it is possible to acquire received power from N cells
by installing additional DM-RSs only in resource blocks of
N-1cells. As shown in FIG. 6(b), when there are N cells, after
received power of any single cell (e.g., first cell) is detected by
steps S601'to S604' that are completely the same as steps S41'
to S44' in FIG. 4(b), it is possible to detect received power of
other N-1 cells by the following steps. Specifically, in step
S605', one reference cell for detecting received power is
selected for each of N-1 cells not including the first cell. In
step S606', N-2 cells are selected on an arbitrary basis from
N-1 cells notincluding the first cell. In step S607', concerning
each of N-2 cells selected on an arbitrary basis, in a resource
block of'the cell, an additional demodulation reference signal
is installed in a puncturing position corresponding to one
CSI-RS in a resource block of a reference cell selected for the
cell (since the additional DM-RS is installed in the first cell in
step S601' and additional DM-RSs are installed only in other
N-2 cells in step S607', in the total N cells, additional DM-
RSs are installed only in N-1 cells). In step S608', concerning
the N-2 cells selected on an arbitrary basis, the receiving
terminal detects a signal transmitted in a position where an
additional DM-RS in a resource block of that cell is installed.
In step S609', concerning N-2 cells selected on an arbitrary
basis, the receiving terminal detects a signal transmitted in a
position of another CSI-RS installed in a resource block of'a
reference cell selected for that cell. In step S610', concerning
N-2 cells selected on an arbitrary basis, the signal detected in
step S609' is removed from the signal detected in step S608',
and received power of that cell is acquired based on a signal
obtained by the removal. In step S611', specific DM-RS
installed in a corresponding position in a resource block of
each of N cells is detected, total received power is acquired
from the N cells. In step S612', received power from the first
cell acquired in step S604' is subtracted from the total
received power, received power from N-2 cells selected on an
arbitrary basis acquired in step S610' is subtracted, thereby
acquiring received power of remaining one cell of the N cells
(i.e., cell in which an additional DM-RS is not installed in its
resource block). In step S605', when one reference cell for
detecting received power is selected for each of the N-1 cells
from which the first cell is removed, it is easily understood
that it is likewise possible to observe the principle disclosed in
Embodiment 2.

In Embodiment 3, since the additional DM-RS is installed
in a puncturing position in a resource block of only the N-1
cells of total N cells, the system overhead in Embodiment 3 is
further reduced as compared with Embodiment 2.

Embodiment 4

The system overhead is further reduced in Embodiment 3
but the reduction degree is still insufficient. As shown in FIG.
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5 for example, the additional DM-RS is located in a position
where puncturing is carried out in correspondence with a
CSI-RS in resource block 2 in resource block 1 of cell 1. To
detect this additional DM-RS, the terminal first has to detect
a CSI-RS of cell 2. In Embodiment 3, measurement of
received power of cell 1 depends on measurement of CSI-RS
of cell 2. Under actual radio environment, if a channel state of
cell 2is poor, the accuracy for received power detection in cell
1 based on CSI-RS of cell 2 is influenced. To solve this
problem, Embodiment 4 of the invention is proposed.

FIG. 7 shows an exemplified installation state of a refer-
ence signal in a resource block used by a cell in a received
power detecting method according to Embodiment 4 of the
invention. If FIGS. 5 and 7 are compared with each other, the
following fact can be understood: in FIG. 5, an additional
DM-RS is installed stationary in a resource block of cell 1; in
FIG. 7 on the other hand, an additional DM-RS is installed in
aresource block of cell 1 at time 1, and an additional DM-RS
is installed in a resource block of cell 2 at time 2. In Embodi-
ment 4, the additional DM-RS can be installed in a switching
manner in time domain between cells based on the channel
state of the cell. According to this, it is possible to reduce the
influence generated upon measurement of entire power that is
caused when a channel of a certain cell is poor.

The received power detecting method of Embodiment 4 of
the invention is the same as the received power detecting
method of Embodiment 3 of the invention described with
reference to FIG. 6(a). Concerning the state shown in FIG. 7
for example, it is possible to detect received power of cells 1
and 2 using the received power detecting method shown in
FIG. 6(a) attime 1 and time 2. To install an additional DM-RS
in a switching manner in time domain between cells, in step
S601 in FIG. 6(a), it is possible to select installation of the
additional DM-RS in a puncturing position in resource block
while using time resource included in at least one resource
block as a unit, or installation of the additional DM-RS in a
puncturing position in resource block 2.

Embodiment 5

The received power detecting method described in
Embodiment 4 can be applied to a state where there are a
plurality of cells and therefore, Embodiment 5 of the inven-
tion is proposed.

FIG. 8 shows an exemplified installation state of a refer-
ence signal in a resource block used by a cell in a received
power detecting method according to Embodiment 5 of the
invention. As shown in FIG. 8, the additional DM-RS is
installed only for two cells of three cells at any of times. More
specifically, installation of additional DM-RSs for cell 1 and
cell 2 is selected at time 1; additional DM-RSs are installed
only for cell 1 and cell 3 at time 2; and additional DM-RSs are
installed only for cell 2 and cell 3 at time 3. In Embodiment 5,
it is possible to install the additional DM-RS in a switching
manner in time domain between cells. According to this, it is
possible to reduce the influence generated upon measurement
of entire power that is caused when a channel of a certain cell
is poor.

The received power detecting method of Embodiment 5 of
the invention is the same as the received power detecting
method of Embodiment 3 of the invention described with
reference to FIG. 6(5). Concerning the state shown in FIG. 8
for example, it is possible to detect received power of cells 1
to 3 using the received power detecting method shown in FI1G.
6(b) at time 1 to time 3. To install an additional DM-RS in a
switching manner in time domain between cells, in step S606'
in FIG. 6(b), it is possible to change N-2 cells that are
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selected on an arbitrary basis from N-1 cells from which the
first cell is removed while using time resource included in at
least one resource block as a unit.

Embodiment 6

In a multi-antenna radio communication system based on
OFDM of LTE-A, for example, eight antenna ports exist in
each of the cells, and all of the eight antenna ports transmit
data to the terminal using a resource block having the same
time frequency resource. At least two CSI-RSs of correspond-
ing cell are installed in the resource block used by the antenna
ports, and CSI-RSs of the antenna ports of cells are orthogo-
nal to each other.

The above-described Embodiments of the invention can be
all applied to the state of the plurality of antenna ports
described above. For example, concerning one antenna port
of any one of cells, an additional DM-RS to represent
received power can be installed in a puncturing position that
corresponds to one CSI-RS in a resource block of an antenna
port located in another cell in the resource block. Thereafter,
it is possible to acquire received power from any one of cells
by removing a CSI-RS that does not receive interference from
a mixture signal of detected CSI-RS and DM-RS. If an addi-
tional DM-RS is installed in one puncturing position in one
antenna port, additional DM-RSs are installed, at the same
time, in the same puncturing positions in resource blocks of
other antenna ports in cells to which the former antenna port
belongs.

When additional DM-RSs are installed in a plurality of
antenna ports in one cell while applying the methods
described in the Embodiments, it is only necessary to install
an additional DM-RS in a puncturing position corresponding
to a CSI-RS of one antenna port of other cell, and it is unnec-
essary to install additional DM-RSs in puncturing positions
corresponding to CSI-RSs of all of antenna ports of the other
cell. Therefore, concerning a plurality of antenna ports in one
cell, when additional DM-RSs are installed in puncturing
positions corresponding to a CSI-RS of an antenna port i of
another cell, the accuracy of estimation for a receiving termi-
nal with respect to the DM-RS depends on the accuracy of
estimation for a CSI-RS with respect to the antenna port i in
reality. When a CSI-RS of the antenna port i is transmitted
through a poor channel transmission condition that is similar
to the problem described in Embodiment 3, there is a possi-
bility that detection of received power is influenced. To
reduce the influence of this kind, Embodiment 6 of the inven-
tion is proposed.

According to Embodiment 6 of the invention, when addi-
tional DM-RSs are installed in a plurality of antenna ports in
one cell, the additional DM-RSs are installed in a switching
manner in time domain on a plurality of puncturing positions
corresponding to a CSI-RS of a different antenna port of
another cell. FIG. 9 is a schematic diagram showing a switch-
ing installation of additional DM-RSs on a plurality of punc-
turing positions corresponding to CSI-RSs of different
antenna ports of the same cell according to Embodiment 6 of
the invention. FIG. 9 shows two kinds of possible switching
installation methods that respectively correspond to multi-
plex methods of possible two kinds of CSI-RSs. According to
one of the multiplex methods, all of CSI-RSs from different
antenna ports of the same cell are multiplexed on the same
resource block. According to the other multiplex method,
CSI-RSs from different antenna ports of the same cells are
multiplexed on different resource blocks like TDM multiplex
based on a resource block for example. It is possible to carry
out Embodiment 6 no matter which multiplex method of a
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10
CSI-RS is used. In other word, an additional DM-RS is
installed in a switching manner in time domain on a plurality
of puncturing positions corresponding to CSI-RSs of differ-
ent ports of the same cell.

Embodiment 7

As described above, it is explained in Embodiments 4 and
5 of the invention that the additional DM-RS is installed in a
switching manner between different cells, and it is explained
in Embodiment 6 that the additional DM-RS is installed in a
switching manner on puncturing positions corresponding to
CSI-RSs of different antenna ports of the same cell. In the
actual state, it is possible to obtain Embodiment 7 of the
invention by combining Embodiments 4 or 5 with 6.

FIG. 10 is a schematic diagram showing a switching instal-
lation of additional DM-RSs in puncturing positions corre-
sponding to different antenna ports of different cells and the
same cell according to Embodiment 7 of the invention. As
shown in FIG. 10, an additional DM-RS is installed in a
puncturing position corresponding to a CSI-RS of a port 1 of
cell 2 in a resource block of cell 1 at time 1, an additional
DM-RS is installed in a puncturing position corresponding to
a CSI-RS of a port i+1 of cell 1 in a resource block of cell 2 at
time 2, and an additional DM-RS is installed in a puncturing
position corresponding to a CSI-RS of a port i+2 of cell 2 in
a resource block of cell 1 at time 3. From this, it can be
understood that the additional DM-RS is installed in a switch-
ing manner in puncturing positions corresponding to CSI-
RSs of different antenna ports of different cells and other cells
in resource blocks of the different cells at different time, and
a gain of the maximum selection diversity is acquired.

Embodiment 7 of the invention can be applied to a state of
aplurality of cells (e.g., N cells). Similarly, in the state of the
plurality of cells, additional DM-RSs are installed in punc-
turing positions corresponding to CSI-RSs of antenna ports
where other cells exist in resource blocks of N-1 cells at any
of times. According to this, additional DM-RSs are installed
in different N-1 cells at different times, and concerning
respective cells of the N-1 cells, the additional demodulation
reference signals are installed in a switching manner on a
plurality of puncturing positions corresponding to CSI-RSs
of different ports of another cell. It can easily be understood
that received power of respective cells of N cells can be
detected by applying the received power detecting method of
Embodiment 3 of the invention at any of time.

Embodiment 8

According to Embodiment 7 of the invention, additional
DM-RSs are installed in N-1 cells of N cells at any of times.
However, there is a possibility that the channel state does not
vary significantly at some of times. Therefore, in reality, it is
possible to install additional DM-RSs in some of cells fewer
than N-1 number at some of times. Hence, Embodiment 8 of
the invention is proposed.

FIG. 11 is a schematic diagram showing a switching instal-
lation of additional DM-RSs in puncturing positions corre-
sponding to different antenna ports of different cells and the
same cell according to Embodiment 8 of the invention.
Assume that the channel state does not vary significantly at
time t and time t+1. As shown in FIG. 11, at time t, an
additional DM-RS is installed only in a puncturing position
corresponding to the port i of cell 2 in a resource block of cell
1, and at time t+1, an additional DM-RS is installed only in a
puncturing position corresponding to a porti+1 of cell 1 in a
resource block of cell 2. That is, at times when the channel
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state does not vary significantly, additional DM-RSs are
installed in at most N-2 different cells, and additional DM-
RSs are installed in a switching manner at a plurality of
puncturing positions corresponding to CSI-RSs of different
antenna ports of another cell in the resource block for each of
the N-2 cells at most.

Since the channel state does not vary significantly at some
of times, received power from a cell at previous time can be
received power from the cell after that time. According to this,
it is easily understood that it is possible to detect received
power of each of N cells by applying the received power
detecting method of Embodiment 3 of the invention at any of
times. For example, in the state shown in FIG. 11, it is pos-
sible to detect received power from cell 1 at time t and
received power from cell 2 at time t+1 by applying Embodi-
ment 3 of the invention. Since the channel state does not vary
significantly at time t and time t+1, received power from cell
2 at time t+1 can be received power from cell 2 at time t, and
it is possible to acquire received power from cell 3 at time t by
applying Embodiment 3 of the invention. Similarly, it is pos-
sibleto acquire received power from each cell at time t+1 also.

According to Embodiment 8, the system overhead is fur-
ther reduced as compared with Embodiment 7.

Embodiment 9

Although it is explained that a plurality of base stations
transmit data to one user’s terminal in any of the above
Embodiments, in reality, any of a plurality of terminals can be
under a joint transmission scheme, and the same radio
resources, time frequencies and base stations can be used. In
this case, to make it possible for base stations to use resources
in common, it is necessary to carry out scheduling for these
terminals.

For example, in a multi-antenna system based on OFDM of
LTE-A, a CSI-RS does not appear on respective resource
blocks. For example, CSI-RSs appear on one of several
resource blocks at time and frequency. Therefore, when a
plurality of terminals detect received power using the addi-
tional DM-RS,; there is a possibility that a problem is gener-
ated. Embodiment 9 shows one solution for the problem. As
shown in FIG. 12, in Embodiment 9, CSI-RSs from different
ports in the same cell are time division (frequency division)
multiplexed on different resource blocks, and different termi-
nals are scheduled on a CSI-RS resource block including a
certain port. Thereafter, each terminal can measure power by
the received power detecting method described in the
Embodiment 9.

The received power detecting methods of the invention
were explained based on the plurality of Embodiments. A
radio communication system in which the received power
detecting method is applied will be described below. FIG. 13
shows a related apparatus in the radio communication system
to which the received power detecting method of the Embodi-
ments of the invention is applied. A plurality of adjacent cells
are included in the radio communication system as described
above, base stations of the adjacent cells transmit data to the
receiving terminal in the radio communication system using
resource blocks having the same time frequency resource, a
plurality of CSI-RSs of corresponding cells are installed in
respective resource blocks, and orthogonality is kept between
CSI-RSs of the cells.

As shown in FIG. 13, base station 100 in a radio commu-
nication system includes DM-RS allocating section 101 that
installs an additional DM-RS in a puncturing position corre-
sponding to one CSI-RS in a resource block used by another
base station (e.g., base station 110) in the radio communica-
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tion system; and transmitting section 102 that transmits data
to receiving terminal 200 using the resource block from DM-
RS allocating section 101. Since a plurality of CSI-RSs are
installed in resource blocks used by base station 110, there are
aplurality of puncturing positions in the resource blocks used
by the base station 100 in correspondence with the CSI-RSs.
When the additional DM-RS is installed, DM-RS allocating
section 101 selects one arbitrary puncturing position from a
plurality of puncturing positions and installs the additional
DM-RS.

Receiving terminal 200 includes power detecting section
201 that detects a signal (i.e., a mixture signal of the addi-
tional DM-RS and a CSI-RS of base station 110) transmitted
in a position where an additional DM-RS in the resource
block from the base station 100 is installed, and that detects a
signal (i.e., CSI-RS that does not receive interference) trans-
mitted in a position of another CSI-RS installed in a resource
block used by base station 110; and received power acquiring
section 202 that removes a CSI-RS that does not receive
interference from the mixture signal and that acquires
received power from base station 110 based on a signal
obtained by the removal.

The radio communication system includes a plurality of
base stations and a plurality of receiving terminals. The base
stations and the receiving terminal can have the same con-
figurations as those described above. Therefore, the receiving
terminal can acquire received power of each of the plurality of
base stations.

Concrete configurations of the base station and the receiv-
ing terminal in the radio communication system of one
Embodiment of the invention do not limit the scope of the
invention, they are merely exemplified explanations, several
means can be omitted, functions of several means can be
combined in one means and executed, functions of several
means can be divided into a plurality of small means and
executed.

The Embodiments in the present application are merely
descriptions by way of illustration, concrete configuration
and action of Embodiments do not limit the scope of the
invention, a person skilled in the art can re-combine different
portions and action in Embodiments and can create new
methods to be executed, and they are applicable to ideas of the
present invention.

The Embodiments ofthe invention can be realized by hard-
ware, software, firmware and a combination thereof, and the
realizing method does not limit the scope of the invention.

Connection relations between function elements (section)
in the Embodiments of the invention do not limit the scope of
the invention, and one of or a plurality of elements thereof
may include other arbitrary function elements or may be
connected to other arbitrary function elements.

Several Embodiments of the invention were described with
reference to the drawings, but it is possible to change and
modify the Embodiments without departing from principles
and spirit of the invention, and it is apparent for a person
skilled in the art that even if the Embodiments are changed or
modified, such changed or modified Embodiment fall within
the scope of patent claims of the invention and within the
equivalent scope.

The invention claimed is:

1. A method for mapping a reference signal, the method
comprising:

mapping a demodulation reference signal (DM-RS) spe-

cific to a terminal to at least one resource element among
plural first resource elements in a resource block of a first
cell; and

transmitting the mapped DM-RS to the terminal,
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wherein the resource element, to which the DM-RS is
mapped, has a time and frequency that are same as that
of one of at least two resource elements, to which a
channel state information reference signal (CSI-RS) is
mapped among plural second resource elements in a
resource block of a second cell different from the first
cell, and

data is punctured or no data is transmitted in a resource
element among the plural first resource elements, which
has a time and frequency that are same as that of the other
of said at least two resource elements, to which the
CSI-RS is mapped among the plural second resource
elements.

2. The method according to claim 1, wherein the CSI-RS is
mapped to a resource block for each of a plurality of antenna
ports in the second cell, and the resource element, to which
the DM-RS is mapped, has a time and frequency that are same
as that of a resource element, to which the CSI-RS is mapped
in aresource block for one antenna port among the plurality of
antenna ports.

3. The method according to claim 1, wherein the resource
element, to which the DM-RS is mapped, varies over time.

4. The method according to claim 1, wherein the first cell
performs a coordinated transmission with the second cell.

5. A base station apparatus comprising:

a mapping section configured to map a demodulation ref-
erence signal (DM-RS) specific to a terminal to at least
one resource element among plural first resource ele-
ments in a resource block of a first cell; and
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a transmitting section configured to transmit the mapped
DM-RS to the terminal,

wherein the resource element, to which the DM-RS is
mapped, has a time and frequency that are same as that
of one of at least two resource elements, to which a
channel state information reference signal (CSI-RS) is
mapped among plural second resource elements in a
resource block of a second cell different from the first
cell, and

data is punctured or no data is transmitted in a resource

element among the plural first resource elements, which
has a time and frequency that are same as that of the other
of said at least two resource elements, to which the
CSI-RS is mapped among the plural second resource
elements.

6. The base station apparatus according to claim 5, wherein
the CSI-RS is mapped to a resource block for each of a
plurality of antenna ports in the second cell, and the resource
element, to which the DM-RS is mapped, has a time and
frequency that are same as that of a resource element, to
which the CSI-RS is mapped in a resource block for one
antenna port among the plurality of antenna ports.

7. The base station apparatus according to claim 5, wherein
the resource element, to which the DM-RS is mapped, varies
over time.

8. The base station apparatus according to claim 5, wherein
the first cell performs a coordinated transmission with the
second cell.



